The laws of visual minuthesis: The influence of intensity on the equality time-function by Troland, Leonard T.
June, 1916.] NELA RESEARCI-I LABORATORY NOTES. 855 
No influence of the color of the standard upon the intensity 
required for a match was apparent within the limits of reliability 
of the measurements. The photometric sensibility, however, was 
found to depend on the color of the standard, and also on that of 
the measured light. The sensibility was exceedingly low in the 
red, as shown by the following table: 
Average percentage deviation in photometric 
brightness for a match 
Color Wave-length Plain tungsten standard Bluish standard 
Red . . . . . . . . . . .  693.9-720.o 4.45 6.39 
Orange-Red ... 64o.7-66o.o 4-43 6.70 
Yellow . . . . . . . .  572.3-58o.0 o.89 1.83 
Blue-Green .... 492.I-5OO.O 1.65 2.05 
Violet . . . . . . . .  4o8.I-42o.o 0.99 2.07 
All of the above results are for the writer's right eye. The 
investigation is being continued, and a more detailed description 
of the conditions will be given in a later, extended account. 
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THE LAWS OF V ISUAL MINUTHESIS:  THE INFLUENCE OF 
INTENSITY  ON THE EQUAL ITY  T IME-FUNCTION.  
By Leonard T. Troland. 
THE time, tq, required for a fresh negative after-image, pro- 
jected on a reacting field of light, to just fall below the threshold 
may be called the equality-time, since it is the time needed for two 
differentially minuthetized (" fatigued ") retinal areas to reach 
sensibly equal degrees of adaptation. The after-image must be 
produced by prefixposure of the eye to a primary stimulus during 
an interval tp, the prefixposfire-time, which immediately precedes 
the interval tq. The function, tq = f(tp),  may be called the equality- 
time function, which is shown by experiment to be representable 
by a curve of the saturation type. 
Measurements were made to determine the influence of 
stimulus intensity upon this function, the primary and the reacting 
lights being of the same color and brightness. The field was cir- 
cular, with an angular diameter of 3.3 8 degrees, was provided 
with a central fixation point, and had dark surroundings. The 
initial minuthesis was produced by exposure ither of the right or 
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left half of the field, and during the " equality period " the result- 
ing after-image was projected on the full circle so as to occupy its 
original position on the field. A circular artificial pupil of 2.36 
mm. diameter was employed, but the intensities, given in the table, 
are expressed in photons; i.e., in candles per square metre for an 
effective pupillary area of one square millimetre. 
measurements were made by flicker photometry. 
dark adaptation was allowed before beginning 
observations. 
I. Results for Red: 673.5-760.0 ~ 
Intensity in photons  Equality-time, tp (in seconds), for a pre~xposure-time, tp, of 
4seconds A.D. 32 seconds A.D. 128 seconds A.D. 2$6seconds A.D. 
3.89 7.38 0.49 42.3 2.2 62.9 2.4 68.3 3.4 
19.45 16.1 I.O 57.4 2.2 89.1 3.5 lO2.2 2.6 
97.2 lO.64 0.43 54.3 2.4 93.3 2.0 124.8 4.7 
486.0 I9.3 1.4 56.8 3.0 114.7 5.3 I21.5 3 .1 
2430.0 i6. 9 i .5 76.4 5.3 118.8 4.3 141.7 6.o 
The intensity 
Five minutes' 
a series of 
II. Results for Green : 516.1-525.4 ~
3.89 I 1.44 0.70 42.I 3.5 73.7 2.i 77.6 3.9 
19.45 13.7 1.7 73.8 3.2 88.7 2.2 116.9 3.5 
97.2 17.38 o.63 68.3 2.7 II5.5 1.4 125.4 5.o 
486.0 16.o8 0.62 64.6 2.3 lO4.8 2,7 122.9 4.0 
2430.o 18.2 2.00 52.1 2.6 lO6.6 3.1 121.1 4.4 
Each of the above values is the average of ten independent 
measurements, and the deviation measures are those of the aver- 
ages themselves. Each intensity is five times the immediately 
preceding one, and the highest corresponded to an external bright- 
ness of 500 candles per square metre. 
An examination of the table shows that above lOO photons the 
equality-time function is almost independent of the absolute in- 
tensity, although there is a general tendency for the value of t~, 
for a given magnitude of tp, to increase slightly with intensity 
increase. The table also reveals the relative independence of the 
function with respect to the color of the stimulus. 
The above results are for the author's two eyes, the right and 
left eyes being employed an equal number of times. A brief 
series with another subject showed similar relationships. 
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